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DETECTION OF ALBUMTN TN PHY STOI/3GICAL FLUIDS 

This invention relates to the detection of the 
protein albumin in physiological body fluids which can be of 
human or other animal origin, such as blood plasma or serum, 
using nuclear magnetic resonance spectroscopy. 

Although it is known that proton 1 H-NMR 
spectroscopy can be used to detect constituents of body 
fluids such as blood plasma it is generally accepted that no 
1 H-NMR resonances can be obtained with such techniques about 
the protein albumin. No resonances have been specifically 
assigned to amino acid residues of plasma proteins - they 
are broad and routinely filtered out. 

The present invention is concerned with the novel 
application of resolution enhancement to X H NMR spectra of 
blood plasma or sera which allows protons of individual 
amino acid residues to be detected in samples of intact sera 
or plasma. This can be combined with the optional addition 
of a reagent (such as Ni 2+ ion donor) which enables 
confirmation of albumin resonance assignments. 

Albumin is a very large protein (66.5 kDa, 585 
amino acids) and plays a major part in the transport of 
drugs around the body, and it may be abnormally affected in 
various clinical states. It is the major protein present in 
blood and its concentration, activity and physical state may 
be affected in a range of diseased states. A technique 
particularly for quantitative determination of albumin in 
intact human or animal sera is highly desirable as a 
diagnostic aid for monitoring physical and/or chemical 
changes in the nature of a person's serum albumin associated 
with diseased states, drug transport, and metal-binding 
events as several practical applications of the present 
method. 

Albumin undergoes significant pH-dependant 
structural transitions and the present methods may be of 
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value in monitoring variations in such transitions 
attributable to clinical conditions or drug delivery or 
transport mechanisms. The reader is referred to, for 
example, Eur. J. Biochem. 212, 811-817 (1993) for details of 
such transitions at the N-terminus of the albumin protein 
molecule. 

The fluid examined can be for example blood plasma 
or serum prepared by well-known methods. In the case of 
plasma, a range of anticoagulants can be used including 
calcium chelating agents (e.g. ethylenediamine tetraacetic 
acid and salts thereof - EDTA, citrate). The present 
invention can resolve a fraction of the total albumin 
resonances, but it is not necessary to purify or separate 
the albumin from the physiological fluid used for the 
investigation. 

According to this invention we provide a method of 
detecting albumin or one or more amino acid residues 
thereof, in a physiological fluid containing albumin and 
other proteins, and optionally free amino acids, which 
comprises subjecting a sample of the fluid to f H NMR 
spectroscopy which is single pulse or 2 dimensional 
spectroscopy, in which the resolution is enhanced. 

In order to quantify the amount of albumin present 
in a given sample, reference can be made to standard samples 
and standard additions. Identity of peaks in the NMR 
spectra obtained from a sample of physiological fluid can be 
ascertained by reference to published data on isolated 
albumin and the reader is referred to, for example, Eur. J. 
Biochem. 205, 631-643 (1992) for the assignment of spin 
systems in proton NMR studies of bovine serum albumin. 

The area under the peaks can be integrated or the 
peak height can be used as a measure of the quantity of 
albumin pres nt. Comparisons with known data can be made to 
complete the quantitative determination. 

Typically 0.5 ml of plasma or serum is placed in a 
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5 mm glass NMR tube. A small amount of a deuteriated 
solution (e.g. 020,5% v/v) can be added if desired to 
provide a lock signal for stabilisation of the magnetic 
field. 

High frequency spectrometers (e.g. 500 or 600 MHz) 
provide the best separation of resonances, and are preferred 
but other frequencies can be used. 

Resolution enhancement of NMR spectra is well 
developed and known. In the present method, apodization may 
be used to selectively filter broad peaks. It is preferred 
to use a combination of (unshifted) sine-bell and 
exponential functions, with a line broadening of about 2Hz. 
2D-T0CSY (totally correlated spectroscopy) -^H-NMR has been 
found to be particularly useful in identifying specific 
amino acid residues and is therefore preferred. 

It is known that albumin has specific metal binding 
sites for copper, nickel, calcium, cadmium, zinc, gold and 
mercury. These metals, as ions in solution, bind to and 
thereby form a complex with albumin. We have found that 
using metal-albumin complexes and preferably the nickel- 
albumin complex can improve the technique considerably as 
the resonances shift slightly whilst still affording sharp 
resolution. Although nickel may be used as a complex- 
forming reagent to aid investigations, it is possible to use 
other metals such as gold which bind to a different part of 
the albumin molecule, for probing other amino acid residues 
in the protein. 

If it is desired to use a metal reagent, nickel can 
be added to the sample of physiological fluid as a simple 
salt (e.g. nickel chloride) or as a complex with specific 
ligands including chelating agents which bind Ni 2+ less 
strongly than albumin. An appropriate time should be 
allowed for transfer of Ni 2+ to albumin. Optimum albumin 
detection is usually obtained when the Ni 2+ : albumin molar 
ratio is 1:1 or less than 1:1. 
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Accordingly the skilled worker subjecting samples 
to the NMR technique may obtain well resolved signals and 
specific signals can be shifted to another part of the 
spectrum but nevertheless remain sharp. Those signals can 
then be related to a particular part of the albumin 
molecule. 

Resonances of albumin can be recognised by the 
specific shifts in the presence of the reagent. Abnormal 
albumins may be recognised by the abnormal behaviour of 
their resonances in the presence of the reagent. 

For the most effective measurements and monitoring 
using the present 1 H-NMR techniques the serum or plasma 
should be removed from intact blood and then subjected to the 
method. If water is present, its resonance should be 
suppressed. 

A particular feature of this invention is that even 
individual amino acid residues of the albumin protein can be 
detected within the physiological fluid without separation 
of the albumin and without damage thereto, for example Aspl, 
Ala2 and His3 of human serum albumin (HSA) . The capacity of 
the present method to probe , detect and quantify individual 
•parts' of the albumin protein within a given sample of 
physiological fluid. It thus provides a versatile 
diagnostic aid since such parts (specifically identifiable 
amino acid residues) may be damaged in disease processes or 
otherwise involved in drug transport or in toxic events 
affecting the body. 

It is also possible to assign resonances for 
residues other than the N-terminus (i.e. Asp-Ala-His-Lys) of 
albumin in NMR spectra of intact blood plasma. For example 
spin systems assignable to threonine and tyrosine residues 
can be identified, this will enable the method to be used 
for a wider range of applications, i.e. for studying binding 
of molecules such as drugs which may not just affect the N- 
terminus. 
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Another feature of the invention is that normal 
single-pulsed acquisition of NMR spectra is preferred and is 
combined with spectral resolution enhancement which allows 
the resonances of interest to be identified and 
quantified. Particularly effective and therefore highly 
preferred is application of a combination of exponential and 
sine-bell functions to the free induction decay. For 
example the reader is referred to Prog. Nucl. Magn. 
Reson.Spectroscop. 1981,14, PP27-66. The enhancement can be 
supplemented with other pulse sequences which retain 
contributions from albumin in the free induction decay; 
these include spin-echo methods with short inter-pulse 
delays. 

For further reference to suitable resolution 
enhancement, the reader is directed to Analyst, March 1993, 
vol 118, 241-244. 

If the sample to be subjected to the 1 H-NMR albumin 
detection method contains water there will almost certainly 
be signal interference from the protons in the water which 
can affect the accuracy of these methods. If the water 
cannot be removed or avoided, it is advisable to adopt known 
water signal suppression techniques whilst carrying out the 
resonance. For example when using 2-Dimension (2D) 
spectroscopy, the SCUBA suppression as described in J. 
Magn.Resn. (1986), vol 66, p379 can be utilised. For 1- 
Dimensional (ID) spectroscopy, the 'jump and return 13 31' or 
pre-saturation techniques described in (1983) J. Magn. 
Resn., Vol 55, p283 can be used. 

Alternatively it is possible to avoid interference 
from water protons by eliminating water from the 
physiological fluid sample under investigation. For example 
the same may be freeze dried and then re-suspended in heavy 
wat r D 2 0. 

The method can be used to detect abnormaliti s of 
albumin in diseased or other states, to monitor th course 
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of therapy, to determine interactions of drugs, xenobiotics 
and other agents, and to monitor the state of preservation 
of plasma or serum and other albumin-containing 
physiological fluids. 

Table I ^H-NMR chemical shifts for Ni-albumin, Ni-albumin, 
Ni-albumin formed in blood plasma, and the Ni* complex of 
the 1-24 peptide of human albumin. 



proton Ni-albumin Ni-plasma Ni- [1-24] peptide 



Aspl 


aCH 


3.60 


3.58 


3.58 




BCH 2 


2.45 


2.45 


2.43 




B'CH 2 


2.60 


2.59 


2.60 


Ala 2 


aCH 


3.63 


3.65 


3.68 




BCH 3 


1.27 


1.25 


1.30 


His 


cCH 


7.47 


7.48 


7.56 




5CH 


6.75 


6.73 


6.94 


Lys4 


SCH 2 


1.50 


1.52 






eCH 2 


2 . 84 


2.87 





EXAMPLES ; 

A resolution-enhanced 500 MHz (Bruker AM500) single 
pulse spectrum of the aromatic region of human blood plasma 
is shown in Figure 1. A large number of the peaks have 
similar chemical shifts, intensities and line widths to those 
observed in spectra of defatted purified human albumin (Fig. 
2) over a range of pH values. High field-shifted resonances 
are also observable in plasma spectra (0.5 to -0.5ppm) 
corresponding to those of isolated albumin, and several 
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peaks in the aromatic region undergo pH-dependent shifts 
(data not shown) similar to peaks of isolated albumin 
assigned to His eCH (C2H) imidazole ring protons. 
Additional small sharp peaks in the plasma spectrum are 
assignable to formate, and the free amino acids His, Tyr and 
Phe (confirmed by the spectrum of the low My ultraf iltrate 
from the same plasma sample, Fig. 2) . 

Next we titrated Ni 2+ into plasma. Most notable was 
the progressive appearance of a new peak at 7.48 ppm (VI) 
and the disappearance of His eCH peaks I and II, together 
with a reduction in intensity of peak III, Figure 1A. In 
the His SCH (C4H) region, two peaks IV and V disappear, and 
a new peak appears at 6.73 ppm (VII). Peaks II and IV can 
be assigned to the £CH and £CH , respectively, of free His 
(confirmed by a standard addition). Peaks VI and VII have 
similar shifts to the His eCH and 5CH peaks of Ni-albumin, 
Table 1. Changes in the aliphatic region of spectra of 
plasma on addition of Ni 2+ also show a striking resemblance 
to those observed for isolated albumin. Cross-peaks in 2D 
TOCSY spectra of plasma assignable to Aspl a/B and a/fl' 
protons decrease in intensity, and new cross-peaks 
assignable to the same protons in the Ni 2+ complex appear, 
Figure 3. The cross-peak for Ala2 a/B protons can be 
obscured by lipid peaks in the spectrum of plasma but can be 
assigned in the Ni 2+ complex, Figure 3, Table 1. Little 
change was observed in the high field region of the spectrum 
(0.5 to -0.5 ppm) on addition of Ni 2+ . No further increases 
in the intensities of peaks VI and VII occurred after 
addition of ca. 0.75 mol equiv Ni 2+ (Fig. 4) , but only a 
general broadening of peaks attributable to the formation of 
paramagnetic Ni 2+ complexes. 
Figure l 

500 MHz X H NMR spectra of the aromatic region of 
human blood plasma, before (lower) and after (upper) 
addition of Ni 2+ (ca. 0.5 mol equiv with respect to 
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albumin) . The spectra have been resolution-enhanced using a 
combination of exponential and sine-bell functions. 
Assignments - albumin: I (His cCH) , III (His3 eCH) , V (His3 
SCR)} Ni-albumin: VI (His3 €CH) , VII (His3 *CH) ; L-His; II 
(€CH) , IV (5CH) ; 
Figure 2 

Resolution-enhanced 500 MHz 1 H NMR spectra of the 
aromatic region of (a) isolated defatted human serum albumin 
(Sigma, cat. no. A-3782), (b) human blood plasma, and (c) 
the low-molecular mass (< 5 kDa) ultraf iltrate of blood 
plasma. Assignments: For formate, Phe phenylalanine, Tyr 
tyrosine, see also Fig. 1A. All samples were at pH 7.04. 
Figure 3 

500 MHz 2D TOCSY X H NMR spectra (spin-lock time 35 
ms) of human blood plasma, before (lower) and after (upper) 
the addition of Ni 2+ (ca. 0.5 mol equiv with respect to 
albumin) . New peaks (labelled with an asterisk) appear 
which are assignable to the N-terminal amino acid residues 
of Ni-albumin (Aspl-Ala2-) and a Lys residue. Very similar 
changes are observed when isolated defatted human albumin 
binds Ni 2+ , Table I. 
Figure 4 

Graphs showing the changes in peak heights (as a 
percentage of the initial height) of selected resonances in 
*H NMR spectra of blood plasma at various Ni 2+ : albumin mol 
ratios. 

Figure 5 - The 2 D TOCSY spectra of human serum albumin (HSA) 

in D 2 0 on a 600 mHz spectrometer where reference 3 

shows the Tyr 8/e crosspeak. 
Figure 6 - The 2 D TOCSY spectra of blood plasma (freeze dried 

and reconstituted in D 2 0) wherein 3a indicates the 

same crosspeak as in Figure 5 
Figure 7 - The 2 D TOCSY spectra of HSA in D 2 0 where reference 

1 shows the Thr B/* crosspeak and 2 shows the Thr 

a/y crosspeak. 
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The 2 D TOCSY spectra of blood plasma (freeze dried 
and reconstituted in D 2 0) wherein la and 2a show the 
same crosspeaks as in Figure 7. 
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CLAIMS 

1. A method of detecting albumin or one or more amino 
acid residues thereof, in a physiological fluid containing 
albumin and other proteins, and optionally free amino acids, 
which comprises subjecting a sample of the fluid to *H NMR 
spectroscopy which is single pulse or 2 dimensional" 
spectroscopy, in which the resolution is enhanced. 

2. A method as claimed in claim 1 wherein the 
physiological fluid comprises intact plasma. 

3. A method as claimed in claim 1 wherein the 
physiological fluid comprises intact serum. 

4. A method as claimed in any preceding claim wherein 
water has been substantially removed from the sample such as 
by freeze drying. 

5. A method as claimed in any preceding claim wherein 
the sample is suspended in heavy water (D 2 0) . 

6. A method as claimed in any preceding claim wherein 
at least one amino acid residue at the N-terminus of the 
albumin molecule is detected. 

7 . A method as claimed in any preceding claim further 
including steps to derive a quantitative determination of 
the albumin or amino acid residue detected with reference to 
a standard sample of known concentration. 

8. A method as claimed in any preceding claim carried 
out on a high frequ ncy NMR spectrometer of at least 500 MHz 
frequency. 
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9. A method as claimed in any preceding claim including 
water (proton) signal suppression. 

10. A method as claimed in any preceding claim wherein 
the spectroscope is constructed and arranged to produce 2- 
dimensional spectra. 

11. A method as claimed in any preceding claim wherein 
the resolution enhancement comprises a combination of 
exponential and sine-bell functions to the free induction 
decay. 

12. A method as claimed in any preceding claim further 
including pulse sequence supplementation which retain 
albumin signal contributions. 

13. A method as claimed in any preceding claim which 
includes use of a metal-complex forming reagent. 

14. Use of the method as claimed in any preceding claim 
in the monitoring of albumin within a physiological fluid 
such as human blood plasma or human blood sera. 
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